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1 Introduction 



Decays of B mesons mediated by 6 ^ s penguin amplitudes play an important role 
in both measuring the Standard Model (SM) parameters and in probing new physics. 
In the decay T(4S') B^B^ /cp/tag, where one of the B mesons decays at time 
tcp to a. CP eigenstate fcp and the other decays at time ttag to a final state /tag that 
distinguishes between B^ and B^ , the decay rate has a time dependence given by 

g-IAil/r^O 

7^(At) = — [1 + g ■ \Sf sin(AmdAt) + Af cos(AmrfAt)]] . (1) 

4x^0 

Here, Sf and Af are parameters that describe mixing-induced and direct CP viola- 
tion, respectively, r^o is the B*^ lifetime, Am^ is the mass difference between the two 
B^ mass eigenstates. At = tcp — ttag, and the 6-flavor charge, q = 1) when the 
tagged B meson is a B^{B^). The SM predicts 5/ = ^/ sin 20i (0i = (3) and Af ^ to 
a good approximation for most of the decays that proceed via b -> sqq (g = c, s, d, u) 
quark transitions [I], where ^/ = 1) corresponds to CP-even(-odd) final states 
and 01 is an angle of the unitary triangle. However, even within the SM both Sf 
and Af could be shifted due to the contribution of a color-suppressed tree diagram 
that has a Vub coupling p] . Recent SM calculations |3] for the effective sin 20i values, 
sin20^''', for B^ — )■ rj'K^, ojKg and n^K^ decay modes agree with sin20i, as measured 
in 5° J/ipK^ decays, at the level of 0.1 — 0.01 depending on the decay mode. Thus 
a comparison of the Sf and Af measurements between modes and a search for larger 
deviations of Sf from sin 20i is an important test of the SM. 

Here we present the recent measurements of mixing- induced CP violation in B^ 
decays into rj'K^, uKg and tt^K^ final states. These results are obtained by the two 
experiments, BaBar and Belle, working at the energy-asymmetric e~^e~ colliders at 
the T(4S') resonance. The statistics used by BaBar is 467 x 10^ BB pairs. The Belle 
analyses of 5° r]'K^ and 5° uK^ use 535 x 10^ BB pairs and 5° n^K^ is 
based on the statistics of 657 x lO^-B-B pairs. 

The B candidates are identified using the energy difference AE = Ep — -Ebeam 
and beam-energy constrained mass Mbc = \J E"^^^^ — p*^, where Eb and are the 
B candidate energy and momentum in the center-of-mass (CM) system, respectively. 
In case of Kl in the decay chain, only the direction of the Kl momentum is used and 
a kinematical constraint to the B mass. In this case AE is used in BaBar analyses 
and p*B in Belle to identify the signal. 

The dominant background for the b — )■ sqq signal comes from continuum events 
e'^e~ — qq where q = u,d, s, c. To distinguish these topologically jet-like events 
from the spherical B decay signal events, a set of variables that characterize the 
event topology are combined into a signal (background) likelihood variable £sig (^bkg) 
(Belle) or into a Neural Network (BaBar). 



1 




Figure 1: Distribution of At and of raw asymmetry as a function of At, with fit 
results overlaid, for rj'K^ events. The left and central plots represent BaBar 

results for and iiT^, respectively, subdivided in (a) tags and (b) B^ tags; the 
solid (dotted) line displays the total (signal) fit function; the right plots show the 
Belle distributions for well tagged, combined and events. 



Since the B^ and B^ mesons are approximately at rest in the T(4S') center-of-mass 
(CM) system. At can be determined from the displacement in z between the fcp and 
/tag decay vertices: At [zcp - Zta.g) / {/3jc) = Az/{/3-fc). 



2 Results 

In both experiments the same decay modes are used to reconstruct Bcp rj'K^ 
candidates: 5° v'iPl: rj^-yii^T!'' , ''^STrTr'^vr") Kg^n^n'), ri'{pj, r^^^Tr+vr") i^^(7r°7r°) 
and ?7'(?7-y-y7r+7r^, 'r]3n''T'^TT~) K^. Significant signals are observed in all channels [H 
E]. For the reconstructed events the Sf and Cf are determined by performing an 
unbinned maximum-likelihood fit to the At distributions. The At distributions with 
the superimposed results of the fits are presented on Fig. [H The obtained signal 
yields and results of the At fits are summarized in Table [H The decay B^ — t- r]'K^ is 
the only 6 — )■ s mode where a significant CP violation is measured. 

Similar analyses are performed for the B^ decay mode [U E]. The results 

are included in Table [T] and the At symmetries are presented in Fig. |2i 

For the B^ — )► tt^K^ decay mode AkOttO can be predicted within a few percent 
precision by applying an isospin sum rule to the recent measurements of B decays 
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Figure 2: Asymmetries of good-tagged events: (top) — ?► uK^; (bottom) — )■ 
i^'^Tr"; (left) BaBar; (right) Belle. The solid curves show the results of the fits, the 
dashed line shows the SM expectation. 



into Kt^ final states [7]: 

A significant discrepancy between the measured and expected values of Ak^-^o would 
indicate a new physics contribution to the sum rule. Both experiments provided 
measurements of CP violating parameters in this decay mode, Belle using K^tt^ 
and K^ir^ modes and BaBar using K^ir^ only [U [8] . The results are summarized in 
Table [H the At asymmetries are presented in Fig. El 



3 Summary 

The current results of the CP violation measurements in the decay modes — ?■ rj'K^, 
ojKg and n^K^ are consistent with SM. Although further updates are expected from 
the Belle experiment using the whole data statistics, more significant improvements 
can be provided in the future by Super i?-factories. 
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BaBar 


121 ± 13 


+0.551^:^^ ± 0.02 


-0.521^:^^ ± 0.03 




Belle 


118 ± 18 


+0.11 ±0.46 ±0.07 


±0.09 ±0.29 ±0.06 




BaBar 


411 ±24 


±0.55 ±0.20 ±0.03 


±0.13 ±0.13 ±0.03 




Belle 


634 ± 34 








Belle 


285 ± 52 (3.7a) 








Belle 




±0.67 ±0.31 ±0.08 


-0.14 ±0.13 ±0.06 



Table 1: The signal yields and the results of the fits to the At distributions, the first 
errors are statistical and the second errors are systematic. 
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